The objective of this publication is to provide the detailed protocol for metartancriptomisc studies of animal intestinal microbiota. The protocol describes isolation of high quality microbial community RNA from the mammalian intestinal content, subsequent mRNA enrichment, cDNA synthesis and sequencing. Twelve libraries were prepared pooled in equimolar concentrations into a single library and sequenced on one GS Titanium 70×75 picotiter plate, following this protocol. The total number of reads obtained for 12 libraries was 1,155,062 (average 96,000 per library) and the combined size of 12 libraries was 521 million bases (average 43 million bases per library). The reported size of non-ribosomal RNA library fraction is ~15%, the fraction of non-ribosomal reads is ~17%. Hence we described a robust technique for metranscriptomic studies of animal intestinal microbiota. The double stranded cDNAs, prepared following this protocol, are suitable for pyrosequencing (454, Illumina), clone library construction or could be used to archive and store metaranscriptomic samples.
Introduction
One of the stated goals of the Human Microbiome Project is not only characterize bacterial "community genomes", but also determine their corresponding messenger RNAs, proteins and metabolic products (Turnbaugh et al., 2007) . Transcriptomics, study of the complete set of RNA transcripts produced by the genome at any one time, is thus an essential approach complementary to DNA-based meta-genomics (Bailly et al., 2007) . Several attempts have been already made to study community gene expression using environmental RNA samples (Poretsky et al., 2005 , Frias-Lopez et al., 2008 including the large scale pyrosequencing study of bacterial mRNA from an environmental marine sample (Frias-Lopez et al., 2008) . The proposed protocol in this report describes in detail isolation of high quality microbial community RNA from the mammalian intestinal content, subsequent cDNA synthesis and sequencing. The constructed library is suitable for pyrosequencing (454, Illumina) or clone library construction. We have successfully utilized this protocol in pig animal model (Poroyko et al., 2010) using 454 Titanium pyrosequencing platform.
In this protocol we consider the importance of swift sample processing (Gilbert et al., 2008) to preserve the integrity of mRNA profiles. It was, also, found practical to avoid usage of RNA preserving reagents considering that the time required for reagent to penetrate bacterial cell walls has been shown to be sufficient for some species to undergo sporulation (Kenefic, 2006) . The sampling protocol suggests harvesting the entire cecum and snap-freezing it within 10 minutes after the animal was sacrificed to assure minimal time of exposure to extracorporeal oxygen and protect against a drop of temperature.
The protocol is based on combination of 3 kits. The total bacterial RNA isolation was performed using the "RiboPure-Bacteria Kit" (#AM1925; Ambion, TX). This kit, tested on different bacterial species including Escherichia coli, Bacillus subtilis, Pseudomonas aeruginosa, Staphylococcus aureus, Yersinia pestis, Bacillus anthracis Rhodobacter sphaeroides, has shown high efficiency (Applied Biosystems 2004 , Xu Y, et al., 2003 , Drysdale M, et al., 2004 , Cheng HP, Yao SY. 2004 , Zhang D. et al., 2004 , Prithiviraj B. et al., 2005 , Di Cello F, et al., 2005 . The "MICROBExpress Bacterial mRNA Purification Kit" (Ambion, TX) was used to deplete the pool of 16S and 23S rRNA molecules present in the sample. The consistent yield of mRNA makes RNA amplification unnecessary and allows usage of standard random primer cDNA synthesis protocol implemented in Double-Stranded cDNA Synthesis Kit (Invitrogen).
Detailed protocol
The usual precautions should be maintained while working with RNA. Use gloves, clean the equipment and work surfaces with RNaseZap.
2.1. Material general: latex gloves, RNaseZap (Ambion #AM9780), 100% ethanol, barrier nuclease free tips (10 ul, 100 ul, 1000ul), RNase-free Microfuge Tubes (1.5 ml) (Ambion, AM12400), RNase-free Microfuge Tubes (2.0 ml) (Ambion, AM12425), refrigerated and not refrigerated tabletop centrifuges, refrigerator +4 0 C, freezers -20 0 C, -70 0 C. RNA concentration is determined by Nanodrop (Termo Scientific Inc., DE). RNA quality is measured by Agilent 2100 Bioanalyser (Agilent Technologies, CA).
Sample harvesting
Materials: portable Dewar flask, liquid nitrogen, 50ml sterile plastic centrifuge tubes, surgical equipment 1) Sacrifice the animal according to appropriate protocol. 2) Open abdominal cavity and harvest entire cecum ( Fig 1A) ; place cecum in to 50 ml plastic centrifuge tube and immediately freeze in liquid nitrogen. 3) Store samples at -70C 0 . 2) Prepare the 0.5 mL screw cap tubes with 250 ul Zirconia Beads (provided with the kit) as described in kit protocol step C1. Chill the tubes by placing them on dry ice. 3) Using prechilled sterile pruner cut the frozen cecum (Fig. 1B ) in discs ~0.5-1cm of thickness. Remove the residual muscle tissues using pruner and handheld drill. Keep the sample deeply frozen during the procedure by dipping it in liquid nitrogen. 4) Cut the sample of cecal content in pieces and transfer the clamps of frozen sample (~150 ug) to the prechilled tube with Zirconia Beads (from step 2). 5) Add 350 ul RNAwiz to the sample, cap the tube. Place tube on dry ice. 6) Put frozen tubes in Mini-Beadbeater-16 (BioSpec Products Inc., OK). Beat cells: 2 rounds of 5 min beating. 7) Continue according to the "RiboPure -Bacteria Kit" (Ambion) kit protocol starting at the step C6. It is essential to perform DNAse treatment as described in steps E1-E5 of the kit manual.
RNA isolation
One preparation usually yields of 6-80 ug of total RNA in 100ul of EB buffer. It is recommended to perform 2 preparations for the sample and combine them to achieve higher yield. At this point is possible to stop and freeze RNA sample, store at -70 o C. Continue with RNA precipitation. Perform the mRNA enrichment as described in kit protocol steps B1 -E3 using 10 ug of total RNA. Take aliquots to measure RNA concentration and quality. Store sample at -70 o C. Then the desired amount of mRNA (3 ug) is acquired continue with Double stranded cDNA synthesis, otherwise perform additional mRNA purification and combine samples until the right amount of mRNA is acquired, precipitate mRNA, measure RNA concentration and quality to monitor the enrichment procedure. Perform cDNA synthesis according to instruction provided with the kit. Use 3 ug of mRNA and 250 ng of random primer. Then the protocol accomplished dissolve library in 10 ul of TE pH 8.0. Store at -70 o C. At this point, the library is in a stable form and could be stored or used for sequencing.
RNA precipitation

Double-Stranded cDNA Synthesis
Library size selection (optional)
In order to facilitate the efficiency of 454 sequencing platform it is recommended to perform size selection and enrich library for the longer reads. Materials: TAE electrophoresis buffer, electrophoresis apparatus, low melting point agarose, 100bp DNA ladder (Invitrogen) or similar, Glucogen (#AM9510; Ambion), β-Agarase (New England BioLabs) water baths 65 o C and 42 o C.
1) Prepare 1% agarose gel using TAE buffer and low melting temperature agarose.
2) Mix the library with the appropriate volume of loading buffer and load the entire sample on a gel. Run the electrophoresis. Cut the region of 250-750bp (Region of 800bp-10kb could be collected as well). (Fig 2) . 14) Centrifuge the tube briefly, aspirate any additional fluid and air dry the sample for 10 minutes. 15) Resuspend the pellet in 23 ul TE buffer. Take aliquots to determine the library DNA concentration and quality. Store library at -70 o C. At this point double stranded library is ready for sequencing using the method of choice.
Guideline for library multiplexing and sequencing (454 Titanium platform).
Use approximately 1 ug of size selected cDNAs to blunt-end adaptor ligation and conversion to a single-stranded template DNA library using the GS Titanium General Library Prep Kit (Roche Applied Science, Indianapolis, IN). Prepare libraries using barcode-containing adaptors in place of the standard Titanium adaptors, following Roche's instructions for preparation barcoded adaptors. Quantify libraries using Qubit reagents (Invitrogen, CA) and determine average fragment sizes by analyzing 1 µl of the sized cDNA samples on the Bioanalyzer (Agilent, CA) using a DNA 7500 chip. Pool the libraries in equimolar concentration into a single library. Process emulsion PCR, titration and sequencing on a GS FLX following the manufacturer's protocols (Roche Applied Science, Indianapolis, IN). Library reads could be sorted by barcode using SFF software tools, which also trims the barcode sequence in each read after sorting (Roche Applied Science, Indianapolis, IN).
Conclusion
Twelve libraries were constructed according to this protocol, pooled in equimolar concentration into a single library and sequenced using one GS Titanium 70×75 picotiter plate. The total number of reads obtained for 12 libraries was 1.155,062 and the combined size of 12 libraries was 521 mega bases. Table 1 shows the number of reads per library tag, the size of each library, the number of non-ribosomal RNA reads and the size of non-ribosomal libraries, as determined by MG-RAST (Meyer F., et al., 2008) . The criteria for ribosomal RNA filtering are described previously (Poroyko et al., 2010) .
Here we described the robust technique for metranscriptomic studies of animal intestinal microbiota. Although we only used Titanium platform to sequence 12 test libraries, the double stranded cDNA is a stable intermediate that is universally suitable for multiple sequencing platforms (such as Sanger capillary sequencing, Illumina, 454). It could thus be processed using variety of methods. The universal form of double stranded cDNA could also be used to archive and store metaranscriptomic samples in anticipation of advanced sequencing techniques that may emerge in the future. 
